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Summary The issue of assessing the effectiveness of health technologies (drugs, devices,
etc.) through observational studies is becoming increasingly important as registration and mar-
ket access agencies consider them in their evaluation process. In this context, observational
studies must be able to provide real demonstrations of a level of reliability comparable to
those produced by the conventional randomized controlled trial (RCT) approach. The objective
of the roundtable was to establish the acceptability criteria for an observational study (non-
randomized, non-interventional study) to be able to provide these demonstrations, and possibly
serve as a confirmatory study for registration and market access authorities, the construction of
therapeutic strategies or the development of recommendations. In order to do this, the study
must be a real confirmatory study respecting the hypothetical-deductive approach and guaran-
teeing the absence of HARKing and p-hacking by attesting to the establishment of a protocol
and a statistical analysis plan, recorded before any inferential analysis. It must also be part
of a formalized approach to causal inference and demonstrate that it correctly identifies the
causal estimand sought. The study should ensure that there is no residual confusion bias by tak-
ing into account all confounding factors affecting the comparison, which should be determined
by a formal approach (such as a graphical causality approach, DAGs). Residual confusion bias
diagnoses by forgery and nullification analysis should be non-existent. The study shall be at low
risk of bias, in particular selection bias, among others by using a target test emulation design.
Overall type | error risk should be strictly controlled. The absence of selective publication of
results and selection bias should be ensured.

© 2024 The Author(s). Published by Elsevier Masson SAS on behalf of Société francaise de
pharmacologie et de thérapeutique. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

Abbreviations IPTW  inverse probability of treatment weighting
ISPOR/ISPE Society for Pharmacoeconomics and Outcomes
Research/International Society for Pharmacoepi-
ATE average treatment effect among the treated demiology
ATT average treatment effect ITT intent-to-treat

AVK antivitamins K
CFs confounding factors
DAG directed acyclic diagram

NUC conditional exchangeability hypothesis
Pl principal investigator
RCTs randomized controlled trials

DOAs  direct oral anticoagulants RWD real world data
FDA Food and Drug Administration SAP statistical analysis plan
HARKing hypothesizing after the results are known SMD standardized mean difference

HETE  hypothesis evaluating treatment effectiveness
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Introduction

Until now, observational studies were considered insuffi-
ciently reliable to be considered as pivotal studies in the
initial assessment of the clinical benefit of treatments (in
the broad sense of health technology) [1—3], in partic-
ular by the registration and market access agencies [4].
This is due to the presence of biases inherent in the
observational approach (such as confusion, selection or clas-
sification biases), the absence of certain data in the sources
used (missing data or data not collected), as well as other
methodological issues such as HARKing, p hacking, statisti-
cal multiplicity, publication bias and selective reporting of
results (selective reporting). All these problems, and the
lack of formal statistical language to express causal effects,
did not allow the results of observational studies to be inter-
preted causally.

However, the registration and market access agencies
have recently been considering, on a case-by-case basis,
observational studies, such as studies on real world data
in their evaluation [5—7]. This is particularly true for non-
randomized non-interventional studies used as confirmatory
studies (inferential studies) of the treatment effect in place
of randomized controlled trials (RCTs) to inform regulatory,
reimbursement and pricing decisions, and clinical care [8]
through the construction of therapeutic strategies and medi-
cal recommendations.

This would not, however, represent a reduction in the
requirement for evidence beyond a reasonable doubt to
demonstrate the benefit of treatments, but would be
justified by theoretical and methodological advances in epi-
demiology such as causal inference, emulation of target
trials and many others [9]. These advances (or method-
ological innovations) suggest that, under certain conditions,
it is possible to produce sufficiently reliable, high-level
evidence-based results that can be used instead of or in addi-
tion to RCTs results, for decision-making, the definition or
modification of therapeutic strategies, the development of
recommendations, or the Health Technology Assessment.

Given the stakes involved in these decisions, the use of
observational study results in place of RCT results requires
high methodological requirements to ensure that these stud-
ies have a credibility close to that of RCTs.

Purpose of the roundtable

The objective of this round table was to define, based on
the expertise of the participants, on the state of the art
and the literature, the criteria of methodological validity so
that the results of observational studies can be considered
as evidence of the clinical benefit of a health technology
(drug, device, etc.). These validity criteria thus define a list
of expectations that evaluators and decision-makers might
have to consider the results of such studies (Appendix 1).
However, it does not prejudge the use that different agen-
cies will make of this possible opening to observational
studies confirming the treatment effect.

This list is also intended for the users and designers of
these studies (knowing the methodological acceptability cri-
teria to be met to maximize their chances of seeing the
results of the study taken into account in a decision-making

Table 1 Hypothetical use case examples (without pre-
judging their actual acceptability by agencies).

e A new-generation cholesterol lowering agent placed
on the market based on its pharmacological effect
(LDL decrease) and whose clinical benefit on
cardiovascular mortality would be demonstrated by
an observational study
e A left ventricular assist pump placed on the market
based on performance criteria and whose impact on
mortality in cardiogenic shock would be demonstrated
later by an observational study
e Demonstration of superiority in terms of glycemic
control of one basal insulin over another due to its
improved pharmacokinetic properties
e Gene therapy for hemophilia placed on the market
based on a non-comparative study and the superiority
of which to the supplementary treatment would be
obtained subsequently by an observational study

process). More generally, it makes it possible to know the
conditions making it possible to conduct a quality causal
observational study.

Terms and scope of the roundtable

The field of observational studies is very broad, bringing
together studies of a very wide variety by: their objec-
tive (descriptive or analytical, ranging from epidemiology
and public health to health technology assessment or
interventions), their ambition (exploratory or confirmatory
studies), their design (cohort studies, case-control studies,
cross-sectional studies, self-controlled studies, etc.), the
data sources used (primary data, administrative databases,
electronic medical records, disease registers, treatment
registers, etc.), and their method of analysis (from conven-
tional multivariable regression to more advanced methods,
including machine learning).

In view of the objective of the roundtable, the discus-
sion focused exclusively on comparative studies assessing
the clinical benefit and safety of a health technology or
intervention and whose purpose is to change the therapeu-
tic strategy (regulation, recommendations, market access,
etc.).

The discussion of the roundtable did not concern studies
using an external control group, which was the subject of a
previous roundtable in 2019 [10].

Although some of these approaches have been validated
empirically [11], no examples of decision-making exist at
present (as of June 2024) given the recent evolution of the
agencies’ positions. However, this use is often claimed for
different scenarios, some hypothetical examples of which
are given in Table 1.

Why acceptability criteria and not
methodological recommendations

The Working Group focused on defining the methodological
validity criteria to be met by the results of confirmatory
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observational studies, not on making recommendations on
how to design or carry out such studies (which are already
available) [8,12—15]. Indeed, given the issue at stake, the
question is the actual reliability of the results obtained and
not the quality of the study design.

For example, for confusion bias, the challenge is to
obtain results without any residual confusion bias (or
with negligible residual confusion bias) and not ‘‘only’’
to implement a confusion bias control approach. Even
a correct confounding bias correction approach may fail
to achieve its objective for many reasons (unmeasured
confounding factors, statistical model not adapted to the
data, etc.).

In this context, there is a real obligation to achieve
results (a negligible residual confusion bias) and not sim-
ply an obligation to use means (a process of correcting the
confusion bias). Indeed, with the observational approach,
there is no guarantee that the methods used to correct
biases will produce the desired effect, because everything
depends on the adequacy of the data with the assump-
tions made by these methods. The observational approach
can only isolate the treatment-specific effect if the valid-
ity assumptions associated with the observational approach
(causal inference assumptions) and the analytical methods
used are effectively verified by the data. The justification
of the plausibility of these hypotheses is therefore crucial
(identification analysis) [9].

Unlike RCTs, which avoid most design biases (and whose
correct, undistorted design ensures the reliability of the
results), in observational studies, biases are present at
the source. This is then corrected by analysis, but success
depends on the extent to which the data verify the assump-
tions of validity of the methods used.

The evaluation of these studies is therefore not simply
a matter of verifying whether the methodological prin-
ciples have been correctly used (as with the RCTs), but
rather of ensuring that the validity assumptions of the meth-
ods are verified in the context of carrying out the study
and that the general principles of the scientific approach,
such as the hypothetical-deductive approach, have been
implemented.

Since this certainty is not easy to obtain, when this is
not completely ignored [16], investigators sometimes make
statements such as: ‘‘results are likely to be affected by
confounding bias and should be interpreted with caution’’,
‘‘However, because observational studies are prone to con-
founding and selection bias, causality cannot be affirmed’’,
‘*Because claim databases can be vulnerable to selection
and confounding bias, these results are statistical associa-
tions but not causal’’.

With the objective of producing evidence of clinical
benefit, this type of reservation makes usability of the
results obsolete. Only works where it is possible, properly,
to refrain from mentioning such limits and from concluding
that there is causality will be admissible for this use (Box 1)
[17].

Box 1 : Studies on ‘‘real-life data’’, a name to be
avoided.

The term ‘‘real world data’’ (RWD) studies is
commonly used, primarily to distinguish them from
randomized trials. This term is ill-suited, since the
problem of these studies is not really the nature
of the data, but rather the observational character
which determines their methodological limitations
[17]. It is the methodology and robustness of the
results that fundamentally oppose randomized trials
and observational studies, not the conditions for
data generation. The term ‘‘real-life data’’ is also
inappropriate, because all studies are based on real
data. At this level, it is rather proposed to speak of
data collected in current practice.

Methodological acceptability criteria for
confirmatory observational studies

In the current state of knowledge, it is possible to iden-
tify the conditions of validity of results from observational
studies of treatment effect inference [18].

Acceptability criteria related to the basic
principles of the scientific approach

Confirmatory study

In order to comply with the prevailing hypothetical-
deductive approach to treatment benefit assessment (see
ICH E9), the observational study should be a confirmatory
study, specially conducted to test a pre-specified hypothesis,
established prior to the analysis of the data [19—21] These
confirmatory studies are referred to as the hypothesis eval-
uating treatment effectiveness (HETE) study in Society for
Pharmacoeconomics and Outcomes Research/International
Society for Pharmacoepidemiology (ISPOR/ISPE) best prac-
tices [22].

Guarantee of absence of HARKing

A major limitation of retrospective studies, i.e. studies for
which the data source already exists at the time of the
formulation of the study objective and its planning [23],
is the possibility of HARKing. HARKing (hypothesizing after
the results are known) occurs when the hypothesis is for-
mulated from a preliminary analysis of the data used for
the study itself. The study is no longer an independent
confirmation or refutation of the hypothesis. In the case
of HARKing, the results of the study cannot go against the
hypothesis and the reasoning is completely tautological: the
hypothesis is not precondition to the study, but is directly
derived from the observed results, which in turn confirm it.
The approach therefore does not follow the hypothetical-
deductive approach and remains inductive because the
hypothesis is not tested but is constructed from the data.
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In retrospective observational studies, ensuring the
absence of HARKing is not simple and involves at least
recording the protocol before analysis [21], or even access
to data subject to the presentation of a protocol, or trace-
ability of the chronology of access to databases. However,
none of these means is sufficient (in particular where
the investigators also manage the data as in the regis-
ters). As suggested by the good practices of ISPOR/ISPE
[20], an explicit commitment by the authors is ultimately
expected that the hypothesis was generated independently
of the data set used for the study (in the protocol, the
SAP statistical analysis plan, the analysis report and the
publication).

No p-hacking guarantee

P-hacking involves adapting the analysis of the data to the
results produced and publishing only the results in favor
of the hypothesis tested (‘‘torture the data long enough
and they will confess to anything’’, Ronald H. Coase). This
practice invalidates the results produced, since it has been
shown on numerous occasions that it is feasible to produce,
with the same set of data, a large number of different
results [23]. Meta-epidemiological studies have shown the
frequency of this practice [24,25], which may be legitimate
in exploratory studies but prohibitive for confirmatory stud-
ies [17].

To rule out the possibility of p-hacking, a protocol and a
statistical analysis plan are expected to be drawn up before
any inferential analysis of the data [24], recorded [25—27]
with documentation of the chronology of access to the data
and an attestation by the authors that the inferential analy-
sis was carried out in accordance with the statistical analysis
plan drawn up a priori [27].

In particular, it is necessary to separate the analyzes of
‘preparatory’ data intended to qualify the data source(s)
from the inferential analysis on the judgment criterion(s)
[24,28].

Recommandation 1

It is recommended to consider for the decision-
making process only studies that are part of the
confirmatory hypothetico-deductive approach and for
which HARking and p hacking can be ruled out due,
for example, to the guarantee that the objective, the
protocol and the statistical analysis plan have been
established prior to any inferential analysis and that
this analysis has been carried out in accordance with
this plan; a guarantee provided by the attestation
of the authors, the registration or publication of the
protocol and SAP, etc.

Food and Drug Administration (FDA guideline lines
[8] where same concepts are mentioned): lines 51, 124,
112, 90.

Acceptability criteria for demonstrating
causality

Using a causal inference approach

Causal inference theory [29-32] identified that a

causal conclusion from an observational (and thus non-

experimental, non-randomized) comparison was possible
provided that several fundamental assumptions were tested
by the data and how to analyze them:

e the positivity hypothesis: all patients in the target pop-
ulation can receive all the treatments compared. For
example, this assumption makes it impractical to evalu-
ate a new treatment from routine care data that would be
routinely used after it is available in all patients. In this
context, the probability that a new patient will receive
the comparator treatment will be virtually nil, and the
positivity hypothesis will not be respected;

e the consistency assumption: for a given patient, the fate
observed with a specific treatment corresponds to the
potential fate under this same procedure. In other words,
this means that patients in a group have received a version
of treatment that fits the definition of treatment assigned
to that group (as in a randomized trial where all patients
in a group are treated according to the same protocol);

e the non-interference hypothesis: the treatment of some
patients does not affect the potential fate of other
patients. This hypothesis can be challenged with vaccines,
for example, because vaccine coverage protects unvacci-
nated patients. In this situation, a comparison between
vaccinated and non-vaccinated could conclude that the
vaccine is not of interest;

¢ the conditional exchangeability hypothesis (NUC hypothe-
sis: no uncontrolled confounding): it means that the level
of risk (frequency of judgment criterion) of the compara-
tor group, if it had received treatment, would be the same
as that of the treated group. In other words, the validity
of this hypothesis corresponds to the absence of confusion
bias.

In causal inference, the validity of all these hypothe-
ses, which are not all testable on the data (such as the
NUC hypothesis), must be verified. The plausibility of these
hypotheses is then established by means of sensitivity anal-
ysis and by understanding the clinical context. If this is not
the case, it is referred to as ‘‘identification bias’’ [9,32]. At
the decision-making level, the expectation is a strong jus-
tification that these assumptions are verified by the data
used and how they are analyzed. In the properly designed
and conducted randomized trial no hypothesis is needed to
conclude causally.

Counterfactual reasoning

Causal inference requires counterfactual reasoning (based
on the concept of ‘‘potential outcome’’) which requires
knowing for each patient the potential fate under treat-
ment and without treatment. But in practice, only one of
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Table 2 Some possible estimands in terms of target population for ‘‘treatment effect’’ in observational studies.

Name Definition

Corresponding/Target Causal Question

Population

Average treatment
effect (ATE)

The ATE can be interpreted
as the difference between
the outcome that would be
observed if all subjects were
treated, versus untreated;
this value is therefore not
calculable (these are
‘‘potential endpoints’’), and
must be estimated from the
results observed in both
treated and untreated
patients.

ATT (ATE among the

treated) patients only

ATC (ATE among the
controls)

Corresponds to ATE in
patients in the control group
only

Corresponds to ATE in treated

Can treatment be
recommended to all
future patients
(comparable to those
eligible for study)?

The entire population

Confirm that the
treatment is beneficial
to those currently
being treated with it?

Patient population with
characteristics similar
to those treated (i.e.
with the study

treatment)
Control patient Can treatment use be
population extended to those who

are not currently
receiving it?

these two ‘potential outcomes’’ (the other being counter-
feit) is observed. Causal inference theory provides methods
for estimating counterfeit from available patient informa-
tion. The design of the study must therefore be comparative:
cohort study, case control study or self-controlled design,
time series interrupted, difference of differences, etc.

Purely descriptive studies do not allow for causal infer-
ence and are inappropriate, such as simple ‘‘change from
baseline ’’ comparisons that do not isolate the treatment
effect in an observational approach [33].

Estimand

In observational studies, there are several ways of con-
ceiving the treatment effect [34—36]. Each of these ways
corresponds to a different estimand.

However, in this sense, the estimand does not correspond
exactly to the same definition as that used in the stan-
dard randomized trial [37], where it has a more general
meaning compared to the basic concept which designates
the conceptual quantity that one wants to apprehend in
a statistical analysis/a causality search [38].

The different possible estimands in an observational
study are listed in Table 2. Each estimand involves an appro-
priate method of analysis: for example, a 1:1 pairing among
the treated group gives an average treatment effect in
the treated population (average treatment effect among
the treated [ATT]), while the inverse probability of treat-
ment weighting - IPTW [with appropriate weights]) gives
the average effect in the population representing all study
participants (average treatment effect [ATE]).

For confirmatory studies for the evaluation of a health
technology, the expected estimand is rather ATE (in the

total study population), since it corresponds directly to the
direction of treatment effect conventionally measured in
the randomized trial and is the natural estimand in a target
trial emulation.

Recommandation 2
It is recommended to consider for the decision-

making process only studies that:

e satisfactorily implementing an inference approach
with a clearly causal issue;

e based on counterfactual reasoning due to
comparative design (based on emulation of a
target trial, see below);

e and with an estimand directly corresponding to the
causal question and satisfying the assumptions of
causal inference (identifiability)

FDA: 138, 37, 223.

Intention to treat analysis/treatment received

In terms of estimand [37], the treatment effect can be
viewed in two different ways: the effect of the decision
to treat (intention to treat) or the effect of actually
taking treatment (treatment received). The first seeks
to understand what can be expected from treatment in
terms of the a priori chance of changing the patient’s fate,
when the doctor makes the decision to use this treatment
and whatever will happen during treatment (compliance,
adverse effects, competitive risks, etc.). It corresponds to
the classical analysis in intent to treat. After determining
treatment initiation, the analysis will consider all events
occurring during the pre-defined follow-up period (e.g. 3
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years) and including those occurring after the patient has
stopped treatment initiated if the discontinuation occurs
before the end of the follow-up.

The treatment analysis received will only consider peri-
ods of exposure, during which the patient receives the
treatment in question (studied or comparative). Follow-up
stops when treatment is stopped. This approach therefore
seeks to determine what treatment will bring to observant
patients, who tolerate it, and who will not experience an
intercurrent event, a particular situation that cannot be
anticipated at the time of the decision to use a given treat-
ment for a patient.

In confirmatory health technology assessment studies, an
intent-to-treat (ITT) approach (for superiority, as is the case
in the usual pivotal randomized trial) is expected, which
corresponds to a treatment policy estimate.

Recommandation 3

It is recommended that only those results that
correspond to an estimand appropriate to the decision
and its causal question, typically the ATE estimand,
should be considered, which leads to a preference
for inverse- treatment- probability weighting (with
the right weights) or multivariate regression followed
by standardization (g-computation) over matching
methods.

Similarly, it is recommended that only the results of
an ITT analysis be considered for the decision, with a
treatment policy for the management of intercurrent
events.

Acceptability criteria for confusion bias

Consideration of all confounding factors

Confusion ‘‘bias’’ is a major problem in observational stud-
ies due to the lack of randomization. Selection bias aside,
confusion bias is certainly responsible for most of the incon-
sistencies in the conclusions between observational studies
and randomized trials.

The purpose of the analysis is to correct the result of this
bias. However, this can only be achieved, at a minimum, if all
the variables allowing the control of this bias are included
in the analysis, either in the form of a direct adjustment
(multivariable regression) or by methods of the weighting
or standardization type.

The expectation is therefore clear: an analysis consider-
ing all the confounding factors (CFs) of the study. But judging
this is not easy, as the identification of the CFs is not trivial,
and the reader is not necessarily able to determine them by
himself in order to verify the completeness of the list used
by the authors.

The list of CFs considered will therefore have to be jus-
tified in order to provide this guarantee. This justification
should be based on a formalized approach:
¢ identification of variables associated with endpoints from

previous knowledge, ideally through systematic literature

review to ensure completeness. Expert opinion alone, and
even less the study data itself, cannot meet this require-
ment;

Figure 1. Example of a directed acyclic diagram (DAG), which
represents the causal relationships between the various variables.
An arrow represents a causal (potential) effect, and an absence of
an arrow represents the absence of any causal relationship between
two variables. The graph is said to be directed because all links are
oriented, and acyclic because no path should form a closed loop.
In this example, T represents the treatment, and Y represents the
patient’s fate (outcome). L is a confounding factor, which should
be considered in the analysis. It is a collider on the T— C «- Y path
that blocks this path and should not be considered in the analysis.

e the identification of all interrelationships between these
variables and between these variables and the treatment
studied, using knowledge of practices;

e the formalization of these dependencies by an directed
acyclic diagram (DAGs) [39,40] (Fig. 1).

¢ the identification of a minimum sufficient adjustment set
to block all paths leading to a confusion bias.

This formalization makes it possible to establish the list
of covariates that must be considered in the conditioned
analysis in order to eliminate the confusion bias. It also iden-
tifies covariates not to be used to avoid introducing other
‘*biases’’ such as colliders or mediators [41—43].

In order to verify whether this expectation is met, it is
necessary to verify the rigor of the procedure for identi-
fying the covariates to be taken into account and to verify
that these variables were properly measured and effectively
taken into account in an appropriate manner.

Beyond this preliminary approach, it is also necessary
that the method of analysis has fulfilled its role correctly,
because this is not guaranteed to be 100%. For example,
with a method of ‘‘matching’’ by the propensity score, it is
not 100% guaranteed that the CFs considered are distributed
in the same way in the 2 groups, which is nevertheless the
objective.

It is therefore necessary to show the correct performance
of the analytical method. The elements needed to document
this vary depending on the method used: overlap of distribu-
tions of propensity scores between the 2 groups, comparison
of distributions of covariates after pairing or weighting or
measurement of the imbalance of each covariate (the p
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value is inappropriate in this situation, an standardized
mean difference (SMD) is more appropriate even if it has
certain limitations), etc.

There is a wide variety of validated statistical meth-
ods that can be used to correct the confusion bias. All
these methods work well when the causal inference model
used matches the data and is therefore equivalent to a few
details. And there is no magic method, ensuring the elimina-
tion of any confusion bias for sure (even with Al methods).
Therefore, it is futile to try to judge the truth of the result
through the method used. For this reason, diagnostics of the
reliability of the results produced have been developed.

A demonstration of the absence of residual
confusion bias

Even with an optimal approach to identification and the use
of an analytical method to account for CFs, there is always
a possibility of residual confusion bias (due to an unidenti-
fied factor or a poorly adapted/specified statistical model
or other reasons).

Such a residual bias must be capable of being ruled out
by the results obtained at the level of negative [44—47] (or
positive controls if the result is an absence of association)
or by those of the quantitative bias analysis [48] (robustness
analyzes more specific than the usual sensitivity analyzes,
specially designed to test the robustness of the result
obtained with respect to the confusion bias, such as the E
value [49,50]).

Recommandation 4
It is recommended to consider for the decision-

making process only studies for which:

e a formalized approach (DAGs) was used to identify
the CFs affecting the study;

e all the CFs affecting the study could be taken into
account without over-adjustment;

e the method of considering the CFs fulfilled its role
correctly (for example, for a matching method,
correctly rebalance (SMD<0.10 for example) the
distribution of the CFs between the 2 groups, etc.);

e residual confusion bias is shown to be negligible using
negative (or positive) controls or a well-conducted
quantitative bias analysis.

FDA: 76, 80, 150, 139, 188, 226, 229.

Acceptability criteria for other biases

Ultimately, a low to moderate risk of bias

Observational studies are exposed to other biases in addition
to the confusion bias. These other biases are equally likely
to distort the results. They can be grouped into 5 categories:
classification, deviations from intended interventions, miss-
ing data, measurement and selective reporting bias. It is
not possible to develop all of these biases in this report,
but there is a common bias risk assessment tool for these
observational intervention studies, ROBINS-1 [51].

Using this tool, it is possible to assess the risk of bias in a
study, which the evaluator expects to be low or moderate.

Data quality

The issue of data quality is crucial but complex [24,28].

Data may be biased due to poor classification of exposure
or measurement errors in judgment criteria. The error can
be symmetric (affecting both groups in the same way) or
asymmetric (the error depends on the treatment received).
The consequences of these two types of errors are different
depending on the nature of the result. Symmetrical errors
cannot induce bias toward incorrectly concluding a differ-
ence, but they can bias toward bias toward the null and can
challenge a conclusion about the absence of difference, for
example in a non-inferiority study. Asymmetric errors can
lead to bias regardless of the nature of the result.

The measurement error should not be seen as a simple
problem of recording of the occurrence of the endpoint
in the database, as the mechanism of bias is some-
times complex. For example, to compare the frequency
of major bleeding between direct oral anticoagulants
(DOAs) and conventional antivitamines K (AVKs), a study
using claims databases takes hospitalization for hem-
orrhage as a judgment criterion. This study is carried
out rapidly after the marketing of the DOA. Asymmetric
error in the ‘‘measurement’’ of the judgment criterion is
to be worried about, as physicians will have little prac-
tical experience with DOAs unlike AVK. It is likely that
hospitalization will be more common with bleeding of
the same intensity in DOA patients than in AVK patients,
especially since no marker comparable to INR is available
for DOA. As a precaution, doctors will prefer to hospital-
ize patients on DOA. The error therefore occurs at the
root, in the process leading to the measurement, i.e.
hospitalization. The chain of measurement has differ-
ent performances between the 2 groups, with more false
positives in the treated group. Furthermore, the prob-
lem will not be detected by validating the correctness of
the reason for hospitalization.

Measurement errors on the CFs may render the con-
ditioned analysis obsolete, invalidating the possibility of
correcting the results of the confusion bias.

On this issue of data quality, validation of the data and
algorithms used in terms of accuracy and completeness
(missing data) is expected. This validation shall be based on
a systematic check of the positives and negatives (exposure
and judgment criteria) or possibly on a sample [28]. These
validation studies will also identify the assumptions required
for quantitative baseline analyzes to assess the robustness
of results against data biases [48,52,53].

Another approach to data validation (which also covers
the validation of CFs consideration) is the use of positive
controls, i.e. to show that known results (those of previ-
ous randomized trials in the field) are found by analyzing
these data. The absence of p-hacking in this validation is
essential to convince. This validation can be carried out
globally for the data source (by its manager) prior to its
exploitation by studies in the form of a prior data validation
(“*benchmarking’’) [54,55], or specifically study by study
(carried out by the study authors) [56].

There is also a need to adapt existing data sources (par-
ticularly registers) to make them usable for this standard of
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Figure 2. Example of an immortal time bias selection bias. With T-cells, there is a delay between the decision to use this treatment and
its actual injection (the time to carry out leukapheresis and the transformation of the T-lymphocytes of the patient before re-injecting
him). During this period, deaths occur (represented by red crosses). In a database study, the only way to identify patients treated with CAR
T-cell may be to mention the injection. These patients are then compared to patients treated conventionally, by chemotherapy (CT), and
who are identified by the fact that they have received this chemotherapy. A selection bias of the type of immortal time bias then affects
this study, because in the CAR T-cells group, patients who are eligible, because the decision to use this treatment has been taken, will
not be included because of their death before injection (red cross). In contrast, early deaths in the CT group are recorded and counted
(purple crosses). Without any difference between the two treatments, there will necessarily be more deaths in the CT group than in the
CAR T-cells group. Patients are therefore not included because they are in the CAR T-cells group and have presented the judgment criterion
(death), the 2 conditions that lead to immortal time bias. For an eligible patient, for whom it was decided to treat with CAR T-cells, early
death leads to non-inclusion, whereas for a similar patient for whom it was decided to use chemotherapy, death occurring on the same
date after the decision to treat does not lead to non-inclusion. To avoid this selection bias, the groups should be defined by the intent to
use CAR T-cells or CT treatment, and follow-up should begin at the time of this decision, which will synchronize, in the natural history of
the disease, the starting t0 of follow-up (and event counts) between the 2 groups. This will only be possible if the database contains, for
example, the minutes of the multidisciplinary meeting that makes the decision to deal with it. However, there are statistical methods to
account for this bias (e.g. clone-censor-weight approach).

context of randomized trials. This term is also sometimes
used to refer to confusion bias.

observational studies, if such exploitation is desired by the
data source managers. This includes including the judgment

criteria necessary for the evaluation of treatments, includ-
ing all potential CFs from these studies (which could also
involve harmonization and publication of DAGs by clinical
situation). Finally, managers of these databases should also
anticipate variables that can be used as negative or positive
controls and anticipate data validation.

Recommandation 5

Adapt data sources to become usable to meet these
acceptability criteria for confirmatory observational
studies by ensuring that there are judgment criteria
necessary to evaluate treatments, confounding factors
and variables that can be used as negative or positive
controls.

Selection bias

Selection bias is a major issue in observational studies, and
certainly as important as confusion bias. This complex bias
occurs when some eligible patients (or follow-up periods)
are not included for a reason that depends on both treat-
ment and judgment.

The term ‘‘selection bias’’ is misleading, as it is not
a representativeness issue (e.g., selection only of ECOG 0
patients) nor does it correspond to its synonym used in the

It corresponds to the good synchronization of the start of
monitoring (t0) between the two groups, which is typically
randomization in RCTs. This figure illustrated in Fig. 2.

Recommandation 6

It is recommended that only studies with low or
moderate overall risk of bias assessed by ROBINS-I be
considered for decision-making.

In particular with a low risk of selection bias due,
for example, to the good synchronization of the tO of
the monitoring between the two groups, and a low risk
of classification and measurement bias evidenced, for
example, by data quality validation studies.

FDA: 77, 139, 165, 167.

Target trial emulation

The emulation of a target trial is to mimic, when conducting
the observational study, what would happen if a randomized
trial had been conducted to address the same research ques-
tion [31,57—59]. This translation of the randomized trial
framework into the observational study framework provides
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a better understanding of and fix to a number of observa-
tional study bias and design defects [59].

With the previous example of CAR T-cells, the problem of
follow-up lag becomes obvious when one emulates what
happens in a randomized trial. Follow-up begins in both
groups at randomization. Deaths occurring in the CAR-T
group prior to injection will be well considered in the
analysis of the trial.

This emulation framework also aligns the causal issues of
the observational study with those of the efficacy and safety
of treatments as addressed in confirmatory trials.

Observational studies are traditionally attributed the
role of evaluating the ‘‘effectiveness’’ of treatments
while the trial estimates ‘‘efficacy’’. ‘‘Efficacy’’ is
defined [23] as the effect of treatment under experi-
mental conditions while *‘‘effectiveness’’ is the effect
under routine conditions of use. This ‘‘effectiveness’’ is
more akin to a public health question: what the impact
of treatment in practice is given the profile of patients
actually treated, actual compliance outside the experi-
mental setting, misuse or off-label uses [60]. It should
be noted that the FDA uses the term ‘‘effectiveness’’
in a different sense, which is more of a clinical benefit

[61].

The function of these observational decision-making
studies, like the pivotal randomized trial, is to demonstrate
that the treatment provides a clinically relevant benefit,
without unnecessary selection of the patients involved, and
not to assess the impact of the practical use of this treat-
ment (which is also of real interest, but this is another
question). In particular, emulation of a clinical trial aligns
the conduct of the inferential observational study with this
objective.

The emulation process involves first developing a synopsis
of a randomized trial protocol, and then constructing the
observational study protocol to emulate each item of the
protocol.

The emulation of a target trial has been empirically
evaluated in the DUPLICATE-RCT project, [62] which
shows that observational studies carried out using this
approach can only find the results of randomized trials
emulated in 75% of cases and with an effect correlation
of 0.82. There are therefore discrepancies and work is
under way to identify the factors leading to these dis-
crepancies [63]. In any case, although emulation alone
does not automatically guarantee the reliability of the
results, it is an important contributing factor and its use
is becoming increasingly essential.

On this point, a justification that the emulation was
satisfactorily obtained, in accordance with the PRINCIPLED
practical guide, will be expected, including the presenta-
tion of the test synopsis and a ‘third column’ describing the
emulation of each point (see Table 1 of ref [24]). Particular
attention will be paid to these aspects, since currently meta-
epidemiology reveals that most claims of using an emulation
approach are in fact abusive [64,65].

Recommandation 7

It is recommended that only studies for which an
emulation approach of a target trial has been used
and correctly performed should be considered for the
decision, for example, the presentation of the protocol
or synopsis of the emulated randomized trial, and
satisfactory emulation of all points of that protocol
and appropriate statistical analysis with respect to the
design of the study.

FDA: 138.

Acceptability criteria related to other aspects

Strict control of overall type I error risk

The multiplicity of statistical comparisons due to multiple
judgment criteria, comparative treatments or populations
and subgroups is very common in observational studies [66].
As with randomized trials, this multiplicity causes overall
type | error risk inflation leading to a significant risk of incor-
rectly concluding that there are no differences. Therefore,
strict control of overall type | error risk is expected using the
same methods as those used for the randomized trial, such
as co-primary endpoints or prioritization, with or without
type | error risk reallocation.

The results which can be used to infer an effect of the
treatment studied must therefore be statistically significant
in terms of overall alpha risk and not simply nominally sig-
nificant.

Intermediate analyzes are sometimes performed as the
base is populated (especially in a patient registry study of
an infrequent pathology). Because of the multiplicity they
cause, these intermediate analyzes must be anticipated and
carried out with appropriate statistical methodology (e.g.
Haybittle-Peto, O’Brien and Fleming).

Recommandation 8

It is recommended that only results for which the
overall type | error risk is fully controlled should be
taken into account in the decision, for example by
using a standard method for managing the multiplicity
of statistical comparisons (prioritization, allocation,
reallocation, management of interim analyzes).

FDA: 242.

Informativity of study reports allowing critical
reading

The informativeness of a study’s report is essential to be
able to judge whether it meets all these criteria for method-
ological acceptability. In the absence of recommendations
specific to confirmatory observational studies, it is therefore
expected that the report will follow the recommendations of
current drafts of observational studies such as STROBE [23],
RECORD-PE [67] or STaRT-RWE [68] by adding the description
of the emulated target test (reported following CONSORT
pending a specific guidance being prepared).

10
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Publication bias

For the same treatment comparison, at a given time, it is
generally possible to carry out several similar observational
studies using the different data sources available. This mul-
tiplicity can be the anchor of a significant publication bias if
only the ‘‘positive results’’ are published (or presented to
agencies).

To rule out this possibility, a study report is expected
to specify the number of similar studies undertaken by the
same sponsor or principal investigator (Pl) and the results of
each of these other studies (see multi-base studies below).
Although the registration of retrospective study protocols
has many limitations, it is a lever for attempting to pre-
vent and detect publication bias. It is undoubtedly important
that this a priori recording details things a little different
from the RCTs and in particular the previous knowledge of
the base. A systematic search of other studies should be
undertaken when preparing to use a particular study for
decision-making purposes.

Another approach to the issue of publication bias is the
conduct of multibase studies. While not a perfect bulwark,
this approach also allows for the documentation of the sta-
bility or non-stability of results across data sources from the
outset and could lead to better reproducibility of results
[11,69].

Recommandation 9

It is recommended that only studies for which it
is possible to rule out that they have been selected
(and promoted or presented in a dossier) on the basis
of their results should be considered for the decision-
making, for example because of an attestation by
the sponsor or lead investigator that no other similar
studies have been carried out for the same purpose,
that a systematic review does not find any evidence
of other published or registered studies, or that the
study is based from the outset on several data sources
(multi-base studies).

If more than one similar study is available, the decision
should consider the appropriate synthesis of these studies
and not a single study in isolation.

Conclusion

This work has deliberately chosen to focus on the proposal
of recommendations to assist evaluators or decision makers,
whether health authorities or prescribers, in assessing the
quality and reliability of the results of confirmatory studies
proposed by study sponsors, rather than generating recom-
mendations on the design of these same studies. Obviously,
and a fortiori if the health authorities decide to appropriate
this work to make these recommendations their expecta-
tions, they can inspire the promoters in their role of designer
to develop the protocols and conduct and report the con-
firmatory studies to respect the validity/reliability criteria
developed in this document.

11

This analysis suggests that, to meet the method-
ological acceptability criteria needed to conclude for
decision-making purposes, observational studies will have
to implement sophisticated approaches that are still little
known and little used outside specialized circles.

Real progress is needed, because, with few exceptions,
the studies currently being carried out to show the value
of health technologies are far from meeting all these crite-
ria of methodological acceptability and thus produce results
that are sufficiently reliable to induce a change in the ther-
apeutic strategy or to be considered in the decision-making
process of health authorities.

On the other hand, to accompany this transformation, it
will be necessary to raise awareness of and train in these
new approaches and requirements, both the prescribers of
these studies and the readers and decision-makers.

Recommandation 10

To raise awareness of the differences in the finality,
objectives and methodology of these confirmatory
observational studies compared to ‘‘conventional’’
studies, and to train in the concepts of causal inference
and modern epidemiology.

The list of these acceptability criteria was established
based on current knowledge and experience.

There is no guarantee that, in the state of knowledge, it
will be possible to identify all the situations that may arise
in practice. Even if all these criteria for acceptability are
met, there is no guarantee that the results are conducive to
decision-making use. On a case-by-case basis, these criteria
may appear to be insufficient depending on the situation,
particularly in the case of small numbers.

However, while these expectations are not being met at
this time, recent methodological advances have already had
a visible impact on the quality of published observational
research.

Appendix A. Supplementary data

Supplementary data associated with this article can be
found, in the online version, at https://doi.org/10.1016/
j.therap.2024.10.062.
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